Introduction
Feeding habits and trophic relations of fish have attracted attention for centuries, both in scientific essays [e.g. Aristotle (350 B.C.) Book 9, Chapter 2, 610b16: 'Ὁ δὲ πόλεμός ἐστι τοῖς κρείττοσι πρὸς τοὺς ἥττους κατεσθίει γὰρ ὁ κρείττων' (The stronger (fish) are hostile to the weaker, for the strong fish eat the others)] and literature [e.g. Shakespeare (1607-1608) (Act II, Scene I): 'Master, I marvel how the fishes live in the sea' 'Why, as men do on land the great ones eat up the little ones']. Fish diets have been studied extensively, mainly by means of stomach content analysis, providing important information on the ecology, physiology and ethology of species, with wide ecological applications (see e.g. . reviewed all available relevant literature on feeding habits and estimated fractional trophic levels (TROPHs; see Pauly et al., 1998a Pauly et al., ,b, 2000a for 148 fish species in the Mediterranean Sea. This work updates the compilation of , reanalyses certain aspects using the combined data, and evaluates and further elaborates recommendations on future research on fish feeding habits.
Materials and Methods
Publications on feeding habits were gathered using Google, Google-scholar and Web of Science. Grey literature, mainly referring to publications in the proceedings of conferences and/or symposia, was also collected. The following search-key was used: "fishes AND Mediterranean feeding OR diet", excluding the words "stable isotopes, reared, nutrition, lake, metabolic", in order to discount publications referring to aquaculture and freshwater species. The search was conducted for the years 2002-2015, but information published during [2000] [2001] was also cross-checked for publications that were not included in .
Collected information was tabulated, following the table format (Tables 1A and 1B) of . Hence, for all species included therein, information on the study area and sampling period, as well as the sampling method and frequency was extracted from each publication. Length range and type, when reported, and sample size used were also recorded, along with the habitat type of each fish species (extracted from FishBase, www. fishbase.org; Froese & Pauly, 2016) . Finally, the stomach content analysis method (including the vacuity coefficient when provided), main prey items and their contribution (by weight or/and number) were included in the table.
The fractional trophic level (TROPH) values were estimated using TrophLab and the Pauly et al. (2000b) 
where DC ij is the weight contribution of prey item j to the diet of species i; TROPH j is the trophic level of prey item j and G is the number of prey species included in the stomach of i. In addition, TrophLab provides an estimate of omnivory, in the form of standard error (SE). Hence, the omnivory index (OI) is estimated as follows (Pauly et al., 2000b) :
and its square root is a standard error, i.e. SE=√OI (Christensen & Pauly, 1992) . Finally, the species were classified in functional trophic groups (FTGs), based on the scheme proposed by Stergiou & Kapouzi (2002) : (a) herbivores (H; 2.0<TROPH<2.1), (b) omnivores with a preference for plants (OV; 2.1<TROPH<2.9), (c) omnivores with a preference for animal material (OA; 2.9<TROPH<3.7), (d) carnivores with a preference for decapods and fish (CD; 3.7<TROPH<4.0), and (e) carnivores with a preference for fish and cephalopods (CC; 4.0<TROPH).
Results and Discussion
Overall, 178 publications were retrieved. The annual number of publications generally increased with time during the past 40 years (Fig. 1) . The annual mean number of publications for the period 2002-2015 was 12.1 (Standard Deviation, SD = 5.01), which is two times higher than that for 1961 -2002 ; based on data from . There was a slight decline in the number of publications on feeding after 2010 (Fig. 1 ). This could be attributed to the fact that basic research on biological traits, especially studies at local scale and/or studies on non-commercial species are of low priority for major publishers (Stergiou & Tsikliras, 2006; Dimarchopoulou et al., 2016) , despite their importance for marine ecology, modelling and ecosystem management (see also e.g. Pauly et al., 1998a Pauly et al., ,b, 2000a .
Out of the 178 publications, 290 datasets were extracted (Table 1; Table A online supplement), corresponding to 148 species (60 families, 21 Orders), 61 species of which are not included in . Seventy three species were represented by only one dataset, whereas the largest number of datasets corresponded to Arnoglossus laterna and Engraulis encrasicolus (eight datasets each) (Table A online supplement). With respect to the spatial allocation of the datasets (Fig. 2) , along the north-south Mediterranean axis, the vast majority of the datasets referred to the northern part of the Mediterranean Sea (230 datasets; 79.3%). Regarding the east-west axis, the number of datasets was higher in the Eastern Mediterranean (137 datasets; 47.2%), and decreased to 77 datasets (26.6%) in the Western Mediterranean, 40 datasets (13.8%) in the Central Mediterranean, 25 datasets (8.8%) in the Adriatic Sea and 12 datasets (4.2%) in the Marmara and Black Seas (Fig. 2) .
The 290 datasets presented herein, include 320 subsets of feeding habits (Table 1; Table A online supplement). The sample size and length range of the studied specimens were reported by the original authors in 289 (90.6%) and 220 subsets (68.8%) out of the 320 subsets, respectively. The sampling gear used was reported in the vast majority Temporal distribution of publications referring to the feeding habits of fishes in the Mediterranean Sea. Blue bars refer to publications included in , whereas red bars represent publications presented here. Fig. 3 ). The dif-
Fig 2:
Spatial distribution of datasets included in this study.
Fig 3:
Distribution of trophic level (TROPH) estimates based on feeding habit studies in the Mediterranean Sea. Blue bars refer to estimates included in , whereas red bars represent studies presented here. FTG=functional trophic group; H=pure herbivore 2.0<TROPH<2.1); OV= omnivore with preference to plants (2.1<TROPH<2.9); OA=omnivore with a preference for animal material (2.9<TROPH<3.7); CD=carnivore with a preference for decapods and fish (3.7<TROPH<4.0); and CC=carnivore with a preference for fish and cephalopods (4.0<TROPH<4.5); N=number of TROPH estimates; TROPH m =mean TROPH; SD=standard deviation. (Table B online supplement). For the vast majority of the common species (82 out of 87 species; 94.3%) the difference in TROPH was less than 0.5 TROPH units, whereas only in five species this difference was >0.50 TROPH units (Fig. 4 ). Such differences could be attributed mainly to the different methodological approaches used for stomach content analyses, variations in the sample size and length range of the studied sample, as well as spatio-temporal differences in prey availability and use (e.g. Karachle & Stergiou, 2006 , 2008 . Thus, using similar protocols in diet studies, including the largest possible size range of adequate sample sizes, could result in minimizing differences in TROPH estimates. Nevertheless, the fact that the identified differences are relatively small further indicates that, when TROPH estimates are required for model development and are not available at local scale, then available values for similar ecosystems or generic estimates (such as those provided in FishBase) could be considered as good proxies. The distribution of TROPH values in this study largely verified the functional trophic groups (FTGs) identified in , given that similar distributional modes were identified in the two studies (Fig. 3) . Overall, of the 148 species presented herein three were classified as herbivores (H), three as omnivores with a preference for plants (OV), 78 as omnivores with a preference for animal material (OA; 2.9<TROPH<3.7), 25 as carnivores with a preference for decapods and fish (CD), and 39 as carnivores with a preference for fish and cephalopods (CC). For 26 (29.9%) of the 87 common species in the two studies, there was a difference in FTG (Table  B online supplement). For three species (i.e. Syngnathus typhle, Conger conger and Pagellus bogaraveo), this difference amounted to two FTGs, whereas for the remaining 23 species to one FTG (Table B online supplement) .
Based on and this study, data on feeding habits in the Mediterranean exists for 204 fish species (Table 2) .
Fig 4:
Frequency distribution of the difference between the trophic level (TROPH) values for the 87 species that are common in and this study. All species with a TROPH difference >0.5 are given, along with the most probable explanation. Pictures of fishes are from FishBase (www.fishbase.org; Froese & Pauly, 2016 Table 3 . Issues raised by regarding future efforts in studying the diet of fishes, and how or whether these have been addressed based on the findings of this study. Recommendations in addressing those issues are also provided. Should expand to other habitats with emphasis on bathypelagic and bathydemersal fishes Report on 148 species, 61 not included in . There was an increase towards pelagic and reef-associated species, but information on bathypelagic and bathydemersal ones is still lacking. Effort should continue, as out of >700 fishes in the Mediterranean (Froese & Pauly, 2016) , diet information exists only for 204. As the vast majority of samples of the studied species originate from trawling (i.e. mainly depths >50m), sampling with other gear, and/or in shallower waters will increase our knowledge. In addition, future efforts should focus on filling the information gap as regards bathypelagic and bathydemersal species 
Reported length range of specimens
Reported at a rate of 58.7%
Reported at a rate of 68.8%
Length range should always be reported, and is in the vast majority of cases. This information is also essential for identifying/explaining intraspecific differences in trophic level estimates (see figure 4 also). Yet, many studies provide the entire length range of the sample without further indicating the actual range of the subsample used for stomach content analyses. The actual length range of the sample should be reported
Estimates of TROPH Should always be estimated and reported
Reported rarely
Authors of diet-reporting papers must apply TrophLab, a user friendly and free downloadable (from www.fishbase.us/download/TrophLab2K.zip) MicroSoft Access-routine
